As far as ground vehicle lateral stability is concerned, aerodynamics in gusty crosswind conditions is of increased significance in the vehicle development process as well as bridges design and construction. Recent investigations demonstrated that unsteady aerodynamic loads can exceed steady loads considerably that may deteriorate driving lateral stability and may lead to loss of handling control. In order to compute and evaluate the vehicle response to a crosswind gusts, it is essential to determine the aerodynamic excitation on the vehicle body.
Introduction
Vehicle accidents have negative economic cost in properties, congestion and human lives. Handling characteristics of a road vehicles refer to their response to steering commands and to environmental inputs, such as wind gust and road disturbances which affect their lateral motion directional stability (Wong 2001 ). 
Work Objective
When vehicles are running on the causeway in a windy condition, side wind disturbance will affect them as environmental disturbances, which may result in directional instability, thus it is important to study the stability of vehicles in such conditions. The work scope in this article, is to investigate the aerodynamic forces affecting vehicle crossing the bridge for different scenarios, although the scope of the study extend beyond this work to analyze the effect of the aerodynamic forces on vehicle stability. for their CFD investigation. Table 2 shows the dimensions used for a full-scale vehicle geometry. 
Coordinate System and Geometry

Computational Simulation Approach
Computer simulations were conducted using CFD code Fluent Ansys® 14. 2-d models.
Experimental and computational work available in the literature was used for validation. 
Simulation validation of the unsteady solver
The simulation of vehicle overtaking maneuver conducted by Corin, is reproduced here 
Procedures of aerodynamic parameters investigation
A 2-d finite element model was built using an actual bridge dimensions and assumed vehicle dimensions like those used by Corin, He, and Dominy (2008), a sliding mesh technique is used at defined vehicle dimension and wind velocities.
Model simulation procedure 4.2.1. Model layout
The model layout consists of three zones namely; bridge, vehicle and after vehicle zone. Zone models are generated byusing Solidworks® separately, and are saved in STEP format file before uploading it to Fluent® Geometry Modeler®, see Figure 3 .
The dimensions and outer boundary conditions of the three zones are listed in table The three zones are imported to Fluent Ansys® Design Modeller, each zone in separated process to prevent merging. Zones and outer boundary are given names in order to help the program suggest suitable boundary conditions.
Meshing design
The computational mesh design was Multi-block structured meshes with 8 mesh blocks for bridge zone, 6 blocks for vehicle zone and 2 blocks for after vehicle zone, and multi block was used to control the meshing process easily. Enlargement ratios used between 1. 
Boundary conditions
The outer boundaries of the computational domain were either flow inlet or pressure outlet depending on the flow direction where flow speed and direction were set.
At the boundaries between zones interface boundary where set to interchange the information while mesh slide. The boundary conditions of the three zones geometry are listed in 
Solution method and time step
Pressure-based transient with planner solver were set, a viscous model with standard K-ε and standard wall functions used, flow volume set as air.
Bridge zone and after zone were set with no frame motion nor mesh motion, vehicle zone translational sliding mesh and frame with different velocities (22.22 m/s, 27 
Simulation Results
Model validation results
Single vehicle model geometry validation results
Similar simulation to Corin, He, and Dominy (2008) for isolated vehicle model is conducted. Experimental and computational pressure coefficients (Cp) along PARAD1 model shown in Figure 6 , is compared to Figure 40 by Corin, He, and Dominy (2008) which includes experimental and CFD results for the same PARAD1 model. The comparisons show similarity in results validating the vehicle geometry used. 
Validation of the unsteady solver
Aerodynamic model simulation results and discussion
Effect of time steps
To find the effect of time steps a model tested for up to 30 m/s cross wind at 90 degree with (180, 360, 720 time steps) and step size of (0.064, 0.032, and 0.016 (s)), where total time is 11.52 (s), where smaller time step gives more precise results, but it takes more time to complete the computational task. Comparing results of side force in Figure   9 and drag in Figure 10 , show higher oscillatory behavior in the 720 steps results, while we get smother curve in the 180 steps results, and 360 steps in between. Values are almost same for all step sizes in side force, while drag force shows more differences, noticing that side force are 10 times higher than drag forces. variant in value, whereas after the lanes the velocity is more in peaks and less variant.
Wind velocity contour across the bridge
A negative pulse due the column between the sails can be observed.
Effect of wind velocity
The 
Effect of wind attack angle
Cross wind at 30 m/s, with attack angle 45, 60, and 90 degrees were tested at vehicle forward velocity Vv = 30 m/s. The effect of attack angle on wind velocity profile is clear in Figure 15 in Figure 18 . Forces and moments are calculated using coefficients obtained from the results shown in figure 19 . 
Sample results
Results of vehicle velocity
Effect of vehicle forward velocity on aerodynamic forces
Conclusion
Computational fluid dynamics (CFD) sliding mesh technique method was successfully developed and applied to investigate aerodynamic forces on vehicle moving on bridge while was exposed to transient crosswind. A bicycle vehicle model was used in the simulation. The effect of vehicle and wind velocities on the vehicle handling behavior as a result of the generated aerodynamic forces were investigated. Validation of the results obtained from cross wind and vehicle test models showed successfully agreement with previous literature studies.
The side wind crossing the bridge through region of middle walls of the bridge were found to be three times in velocity than the free stream in the opining region, with large variation in value and direction. Wind direction (attack angle) may change wind ONFERENCE (2018) 000-000
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These results agree with those in the literature.
It is recommended in future work to develop a 3D modelling of wind simulation. This is expected to give deeper understanding of the interaction of the side wind pattern applied on the vehicle.
